Two patients who developed massive pulmonary oedema, profound vasoconstrictIOn and hypertension followed by hypotension after Atrax Robustus envenomation are described. The pulmonary oedema is due to increased pulmonary capillary membrane permeability which may be due to neurogenic or toxic causes. Use of artificial ventilation with high level PEEP, isoprenaline and high dose steroids allowed support of the patients during volume replacement with albumin. When the circulation was stable and airway frothing ceased, conventional dehydration therapy further improved lung function. Both patients were discharged well.
Of ten patients admitted to the Intensive Care Unit at RNSH since January, 1979, three have had documented bites due to male Atrax Robustus and two of these patients have developed a life-threatening illness. We describe these cases in detail. CASE REPORTS Case 1.
R.B., a 23-year-old previously healthy man, was bitten twice on the left knee by a male funnel web spider (Atrax Robustus) while rockclimbing. An arterial tourniquet was applied above the site of the bite immediately. The spider was killed and kept for identification purposes and the patient assisted to RNSH by his companions.
On arrival, some 30 minutes after the bite, he complained of burning pain on the inside of his left thigh, extending to his groin. He noticed circumoral paraesthesia, spasms of his tongue and palate, followed by agitation, sweating, lacrimation, salivation and blurred vision. He .·I!I(je~lhesia and Inlen~ln' Care, Vol. ~ 1/1, .\(). 4, Sorember, 1980 vomited twice and complained of increasing dyspnoea. His blood pressure was 160/100 mmHg, heart rate 120/minute, and his left pupil was fixed and dilated. He had spasm and rigidity of proximal and distal muscles in both upper and lower limbs.
He was given atropine 0.6 mg and diazepam 5 mg intravenously (IV) and a further 5 mg diazepam and transferred to the Intensive Therapy Unit. Chest x-ray showed diffuse interstitial pulmonary oedema and a normal cardiac shadow: blood gases breathing room air were Pao z 56 mmHg, Paco z 22 mmHg, pH 7.37. His haemoglobin (Hb) was 17.2 g/100 ml.
The tourniquet was released and oxygen administered with a Hudson non-rebreathing mask with a flow of 12 litres/min. He deteriorated rapidly developing increasing dyspnoea, gross peripheral vascular shutdown and cyanosis while his blood pressure rose to 210/120 mmHg. There was no response to further increments totalling 45 mg of diazepam intravenously and his ventilation was assisted with a Mapleson D breathing circuit with 100070 oxygen. He was given suxamethonium 100 mg. As muscle relaxation occurred vast quantities of pink frothy oedema fluid poured from his mouth and onto the floor, making endotracheal intubation extremely difficult. He was paralysed with pancuronium and commenced on intermittent positive pressure ventilation (IPPV) with 100% oxygen and a tidal volume (TV) of one litre and a rate of 14 breaths/minute. Peak pressure was 45 cm H 2 0 and plateau pressure 35 cm H 2 0 (Elema Schonander 900B ventilator).
Following the institution of ventilation a positive end-expiratory pressure (PEEP) was applied and rapidly increased until the oedema fluid was absent from the tubing. The PEEP level necessary was 20 cm/H20. He was given methylprednisolone 2 g and frusemide 40 mg. There was no diuresis. His right pupil became fixed and dilated. A central venous catheter was inserted and his central venous pressure (CVP) off the respirator was 25 cm/H20 (zero reference point mid axillary line). On each occasion that the patient was disconnected from the ventilator or the PEEP reduced, copious pink frothy fluid poured into the respirator tubing.
Analysis of the pulmonary oedema fluid taken four hours after admission showed high levels of protein (Table I) . When ventilation (Fio z = I) was stabilised blood showed Pao z 346 mmHg, Paco z 68 mmHg, pH 7.1. The minute volume was increased to 22 litres over a period to bring Paco z to normal levels and correct the acidosis. The patient's subsequent progress is shown in Figure 1 .
After 90 minutes his blood pressure began to fall and Pao z on 100% oxygen fell to 117 mmHg. He was treated with infusion of 25% albumin 500 ml over one hour which reduced the Hb concentration to 16.2 g/100 ml. Over the next four hours he was given 500 ml of stable plasma protein solution 5% (SPPS) and a further 200 ml of 25% albumin. The vasoconstriction was not improved by chlorpromazine 25 mg intravenously and an isoprenaline infusion was commenced at the same time as the albumin infusion. His pulse slowed and peripheral perfusion improved over about 30 minutes.
Eight hours after intubation his spontaneous tidal volume was 1200 ml and he was fighting the ventilator. He was extubated and commenced on salt and water restriction and intermittent frusemide to produce a negative salt and water balance. His radiological appearance (Figures 2 and 3 ) and alveolararterial gradient deteriorated markedly on extubation but over the next few days progressively returned to normal. He had episodes of high fever over the next five days. His complement levels and clotting screen were normal, CPK and fibrin degradation products were minimally raised. He was discharged well 13 days after admission. Case 2 R.T., a fit 40-year-old woman, was bitten on the distal phalanx of her left index finger by a spider positively identified as a male Atrax Robustus. The spider had to be prised from her finger and the wound bled profusely. An arterial tourniquet was applied and she was taken to Woy Woy District Hospital. The tourniquet was released with no untoward effects and she was transferred to Gosford Hospital.
On arrival 40 minutes after the bite she complained of perioral tingling, anxiety and nausea. Her pulse rate on admission was 120 and over the next 30 minutes fell to 34 beats/minute with blood pressure 1901110 mmHg. ECG at this time showed blocked atrial escape ( Figure 4 ) which reverted to bidirectional tachycardia after atropine 0.6 mg intravenously. Over the next two hours she became progressively more hypertensive and flushed, her left pupil became fixed and dilated and eyes became puffy. She developed marked peripheral vasoconstriction. She was given diazepam 10 mg intravenously with no noticeable effect and transferred to the Intensive Care Unit. Her chest was clear. Three and a half hours after the bite she was dyspnoeic with generalised crepitations over all lung fields; blood pressure was now 170/110 mmHg, pulse rate 130. Chest x-ray showed bilateral interstitial and alveolar oedema and blood gases on room air were Pao 2 46 mmHg, Paco 2 28 mmHg, pH 7.3.
She became progressively more breathless and four hours after being bitten minor muscle spasms developed along with peripheral cyanosis and gross vasoconstriction. She was given diazepam 20 mg, atropine 0.6 mg and suxamethonium 100 mg and an endotracheal tube was inserted with difficulty, due to profuse pulmonary oedema which poured on to the bed and floor. She was commenced on IPPV and controlled with pancuronium and diazepam. PEEP was applied until airway flooding ceased at 10 cm. Her subsequent progress is shown in Figure 5 . Her haemoglobin was 16.2 g/100 ml. CVP reading was 16 cm H 2 0. Protein levels in serum and oedema fluid are shown in Table 1 . She rapidly developed hypotension which was treated with albumin infusion and isoprenaline infusion. As her blood pressure improved her peripheral vasoconstriction decreased. She was given hydrocortisone 2 g; the albumin infusion was continued for episodes of hypotension. Over 24 hours she received two litres of 250/0 albumin which brought her haemoglobin down to 10 g/ 1 00 ml and was associated with continuing improvement in arterial blood gases. In the second 24 hours she received a further 600 ml of albumin and an increase in PEEP to 20 cm was required to maintain oxygenation. Over the next 24 hours she became oliguric. She was given 500 ml of Ringer's lactate, immediately developing profuse airway flooding in spite of high levels of PEEP. This ceased within minutes of stopping the infusion. She was given two doses of frusemide 80 mg with little response. Forty-eight hours after admission to Gosford she was transferred to RNSH.
On arrival she was stabilised on a Servo volume-cycled ventilator delivering 80% oxygen with 20 cm of PEEP and minute volume 10 litres. Arterial blood gases were P0 2 110 mmHg, Pco 2 50 mmHg, pH 7.42. A Swan-Ganz catheter was inserted and pressures recorded were pulmonary artery (P A) 40126 mmHg, and mean pulmonary capillary wedge pressure (PCWP) 23 mmHg, CVP 26 cm H 2 0.
Reduction of PEEP led to immediate airway frothing. She was given frusemide 250 mg and Anaesthesia and Intensive Care, Vol. VIII, No. 4, November, 1980 methylprednisolone 2 g six-hourly for 24 hours. 1000 ml of blood was removed by phlebotomy over two hours bringing mean PCWP to 17 mmHg. A diuresis began and she passed in excess of 40 ml urine hourly over the next 16 hours. She was given 500 ml of packed cells over four hours to restore the haematocrit. Twenty-four hours after arrival she was on 20 cm of PEEP, PCWP (mean) was 13 mmHg, and blood gases on Fio 2 0.45 were P a 0 2 101 mmHg, P a co 2 37 mmHg, pH 7.47. Six hours after admission she developed a high fever which persisted 48 hours. Blood cultures were negative.
She became oliguric and unresponsive to increasing dosage of frusemide. Serum creatinine was 0.31 mmolll. She was given 500 ml of fresh frozen plasma and mean PCWP increased to 17 mmHg and was associated with a brisk diuresis. She was continued on salt and water restriction and artificial ventilation. On the 4th day reduction of PEEP was not followed by airway frothing and she was commenced on intermittent mandatory ventilation. The isoprenaline was ceased.
On day 5 she was extubated with radiological deterioration of lung function after extubation. On day 6 her serum creatinine was normal, she was commenced on a light diet and fluid intake was gradually increased. She was extremely weak for five days and was gradually mobilised over the next week and discharged well 20 days after the bite.
Clotting screen and complement levels were normal throughout the illness, CPK and liver function tests were marginally raised.
DISCUSSION
Pulmonary oedema due to the bite of the male funnel web spider has been well documented 1 ,2,3 and may be a feature of seriously ill envenomated patients.
The effects of the venom of the funnel web spider have been extensively studied. In monkeys the venom produces increased lacrimation, salivation, dilated pupils, muscle fasciculation and circulatory disturbances, with initial profound hypertension, followed by progressive hypertension leading to death.4 The neuronal effects in monkeys and human nervemuscle preparations are multiple end-plate potentials after a single stimulus, and spontaneous action potentials in somatic nerves 5 and these features also occur in autonomic nerves (Spence, personal communication) with release of acetylcholine and sympathetic mediators.
The toxin of the male Atrax Robustus is six times as potent as the female toxin. 4 The two patients in this study had definite envenomation due to the male Atrax Robustus.
In the period 1940 to 1978, 33 patients were admitted to Royal North Shore Hospital with a history of spider bite ( Table 2 ). Only three had major symptoms and these were all envenomated by male funnel web spiders. Symptoms were predominantly pulmonary oedema and cardiovascular. One patient recovered spontaneously and two died.
is an increasingly recognised form and usually the most severe, although only moderate changes in permeability are required and they may be short lived. 9 Under some circumstances increased PCWP may not produce oedema without raised capillary pressure. ID Shirley et al. 11 and Szidon, Pietra and Fishman 12 showed that increasing hydrostatic pressure may increase PCMP by the "pore stretching phenomenon", Staub 8 however, believes this only occurs with very high pressures and when permeability is increased, (c) lowered colloid osmotic pressure (COP), especially in the presence of raised The clinical features in the two patients with definite male Atrax Robustus envenomation were:
Pulmonary Oedema
Pulmonary oedema is produced when fluid enters the pulmonary interstitium at a rate exceeding pulmonary lymphatic drainage. Clinical features appear when the interstitial volume is six times normal. The protein, albumin and colloid osmotic pressure of pulmonary oedema fluid compared with plasma has been used to distinguish "membrane" pulmonary oedema from "hydrostatic". In hydrostatic pulmonary oedema the values for pulmonary oedema fluid average 45070 of serum and in membrane pulmonary oedema the values are greater than 60% and may be as high as 100%.IS Both cases described showed a protein content suggestive of increased PCMP oedema.
The initial washout of interstitial protein may be beneficial in increasing plasma-tissue oncotic pressure gradient, 16 but the loss from plasma to interstitium promotes greater movement of fluid into the interstitium 12 and leads to reduced Anaesthesia and Intensive Care, Vol. VlIl, 1'-/0. 4, November, 1980 clearing and eventual organisation and fibrosis in the alveoli. 17 In hydrostatic pulmonary oedema, PEEP does not retard lung water accumulation although in increased PCMP oedema due to sepsis it protects against the effects of volume loading. '8 There is no benefit in raising COP in increased PCMP pulmonary oedema. 9 ,'9
Severe changes in sympathetic tone may shift blood volume from systemic to pulmonary circulation and produce "neurogenic" pulmonary oedema. 20 This syndrome may also occur in other circumstances such as anaphylaxis,21 producing the "pulmonary overperfusion syndrome" with high protein pulmonary oedema. 8 Because of the evidence of massive sympathetic discharge, severe vasoconstriction, high protein oedema and the lack of experimental evidence of an effect of the venom on the pulmonary capillary membrane in animals, it is possible that the mechanism of the pulmonary oedema due to Atrax Robustus venom may either be "neurogenic pulmonary oedema" or a direct effect of toxin or mediator on the pulmonary capillary membrane.
Our approach to the therapy of the pulmonary oedema in both patients was to control ventilation with increasing levels of PEEP until airway flooding ceased, to restore blood volume with colloid solutions, and to carefully dehydrate the patients when volume was restored and airway flooding ceased, which avoided the dangers of diuretic therapy in the presence of hypovolaemia. The combination of albumin to raise COP and maintain blood volume with diuretics to reduce extra-cellular fluid volume has been used successfully to treat pulmonary oedema by a number of authors. 22 ,23,24 Although PEEP may not alter fluid dynamics in the lung 8 and usually improves oxygenation by opening closed alveoli,25 the PEEP in these circumstances stopped large airway flooding and allowed volume restoration and maintenance of COP. PEEP may often produce marked improvement in chest radiography due to opening of alveoli and increased functional residual capacity. 26 The dramatic deterioration in X-ray after institution of spontaneous ventilation and cessation of PEEP in Case 1 we felt was of such magnitude as to represent a true deterioration Anaesthesia and Intensive Care, Vol. VlI!, No. 4, November, 1980 in oedema over and above the cosmetic effects of PEEP (Figures 2 and 3) . The high levels of PEEP required to stop large airway flooding led to over-distension of the lung, and the difficulty in removal of CO 2 could have been related to increased dead space as a consequence of excessive PEEP or increased CO 2 production.
The use of Ringer's lactate solution in Case 2 was associated with prompt appearance of airway frothing which was not controlled by increasing PEEP. Suction was avoided in these patients until airway frothing had ceased to avoid applying negative pressure to the alveoli. Removing the PEEP to measure central venous pressure was associated with massive airway flooding and is at best a hazardous and probably unnecessary practice. Both patients required a high minute volume initially to achieve normocarbia.
In addition we used high dosage steroids in both patients, in Case 1 once only and in Case 2 for 72 hours. Sutherland 27 states that there is no evidence that steroids affect the clinical course in Atrax envenomation, and while acknowledging that these patients do not provide such evidence, we believe they should be given for their potential benefit, in producing fall in total peripheral resistance,28 improvement in oxygenation and pulmonary oedema,29 stabilisation of pulmonary capillary membrane,30,31 shift in haemoglobin dissociation curve to the right 32 and decreased pulmonary vascular resistance. 33 
Circulatory Changes
The cardiovascular effects of the toxin have been reviewed by Flynn. 34 The venom causes vasoconstriction, potentiation of response to noradrenaline, and a biphasic response in rabbit atria with initial depression followed by stimulation related to noradrenaline release. Carroll and Morgans 35 postulated that the effects in man are due to generalised release of catecholamines potentiated by local effects of toxin.
Both patients showed hypertension and tachycardia on admission. Case 2 developed a bizarre arrhythmia shortly after admission which responded to atropine (Figure 2 ). Case 1 had supraventricular tachycardia for the first four hours.
The most marked feature was the gross peripheral vasoconstriction which was associated with hypertension and tachycardia. This was associated with right and left cardiac failure and haemoconcentration. The haemoconcentration occurs due to plasma loss,2I,17 and in the absence of blood loss has been used to quantitate plasma loss. 36 Isoprenaline appeared effective in reducing vasoconstriction and lowering blood pressure in these patients and was initially associated with a slowing of the pulse rate.
Hypovolaemia may have contributed to the subsequent development of hypotension in these patients, and in Case 1 treatment of failure and vasoconstriction with isoprenaline and blood volume restoration with albumin and SPPS to normalise haematocrit promptly restored circulation. In Case 2 oxygenation improved while two litres of 25070 albumin was given, but further increments produced a deterioration in lung function which was corrected by venesection and diuresis.
Restoration of blood volume in the presence of increased pulmonary capillary membrane permeability (PCMP) is a controversial subject. Colloid solutions have been used to replace volume and raise colloid osmotic pressure 22 and it has been suggested that albumin and dextran may act to "plug the leak".n However, these solutions may leak into the pulmonary interstitium making the situation worse. 17 ,37 They have the advantage of restoring volume while avoiding salt and water excess with overexpansion of interstitial water. 38 In rattlesnake envenomation shock, where severe damage to capillary endothelium occurs, albumin restores haemoconcentration and reverses acidosis without accumulation of oedema fluid with survival, while untreated and crystalloid-treated rats usually die of respiratory failure. 39 In Case 1 the use of high level PEEP and albumin in combination enabled restoration of normal haematocrit with continuing improvement of alveolar-arterial gradient which is evidence against loss of albumin into the interstitium. Case 2 improved in a similar fashion until overloaded, and was improved dramatically by venesection and lowering of PCWP.
These results cannot necessarily be extrapolated to other forms of pulmonary oedema but the combination of PEEP, volume replacement with albumin, and circulatory support and vasodilatation with isoprenaline appears most effective in restoring circulatory status in these patients, without compromising lung function. In septic shock also PEEP prevents pulmonary deterioration during fluid loading. 18
Pupillary Changes
Both patients showed unilateral fixed dilated pupils on the side of the bite proceeding to bilateral fixed dilated pupils for a four to six hour period. At no time was there evidence of papilloedema.
Muscle Spasms
These occurred as an early manifestation in Case 1 and a late manifestation in Case 2. The recommended treatment for such spasms is diazepan intravenously.27 Diazepam did not appear effective in Case 1 and its efficacy could not be assessed in Case 2 as a small dosage was given prior to muscle spasms. The administration of repeated dosages of diazepam to patients who have pulmonary symptoms after Atrax envenomation we would regard as contraindicated in the absence of demonstrated efficacy in humans, because of the hazards of repeated administration of respiratory depressant drugs in respiratory failure. The use of ventilatory support and nondepolarising relaxants would seem a safer way of blocking the effects of acetylcholine while improving the ventilatory status. 34
Renal Function
Both patients developed elevation of serum creatinine. Urinary electrolytes were unhelpful in assessing the patients in the early stages due to the use of frusemide. In Case 2 concentrating ability and sodium retention were normal on day 4 in spite of a serum creatinine that rose to 0.33 mmolll.
Case 1 was found to have hyaline casts in his urine and Case 2 had no abnormal sediment. There is no experimental evidence of a nephrotoxic effect of the venom and the renal impairment may well have been related to the circulatory disturbance consequent on the profound vasoconstriction and the well documented effects of high levels of PEEP,40 or reduced glomerular filtration due to elevated serum protein levels.
It was interesting to note that oliguria persisted in Case 2 after 500 mg frusemide when there was a mean pulmonary capillary wedge pressure (PCWP) of 13 cm H20 but following subsequent elevation of the PCWP to 16 cm H20 with plasma there was an immediate diuretic response, without changes in blood pressure, pulse rate or CVP.
6. Hyperglycaemia occurred in both patients in the early phase. This may have been due to sympathetic activity or steroids. 7. Perioral tingling was the first symptom in both patients. Excessive salivation occurred in both patients. Atropine in the dosages given (0.6 mg) did not reduce this and higher dosages should be used. Intermittent pyrexia occurred in both patients, as a late manifestation.
The management of envenomation due to Atrax Robustus has been discussed by Sutherland 27 and Flynn. 34 The deterioration in Case 1 after tourniquet release was dramatic and we endorse the view of Sutherland and Duncan 41 that a pressure immobilisation bandage should be applied. An arterial tourniquet is also effective 27 but hazardous and painful. Whatever means are used to delay systemic effects, they should not be released until the patient is in hospital. We would endorse the use of atropine, in higher dosage than we used, for control of secretions and bradycardia.
For reasons outlined earlier we find it difficult to support Sutherland's advocacy of diazepam if there are respiratory symptoms. We believe that pulmonary oedema and circulatory failure due to envenomation by Atrax Robustus should be treated by:
1. artificial ventilation and levels of PEEP sufficient to prevent airway flooding 2. high dose steroids 3. blood volume replacement with albumin 4. circulatory support and treatment of vasoconstriction with isoprenaline, phentolamine or nitroprusside 5. fluid restriction and diuretic therapy when the airway flooding phase has ended 6. during fluid replacement phase Hb and CVP should be measured and in severe cases Swan-Ganz catheterisation is indicated. However, rather than rigid adherence to protocols of management it is essential for successful outcome in the management of these patients that careful application of modern principles of assessment, therapy and repeated measurements be used in treatment.
